
US 20090077362A1 

(12) Patent Application Publication (10) Pub. No.: US 2009/0077362 A1 
(19) United States 

Taylor et al. (43) Pub. Date: Mar. 19, 2009 

(54) CONFIGURABLE ACCESS KERNAL 

(75) Inventors: Kevin Norman Taylor, Parker, CO 
(US); James Fahrny, Parker, CO 
(US); William Lynn Helms, 
Longmont, CO (US); Azita 
Miahnahri Manson, Mountain 
View, CA (U S); Andrew T. 
TWigger, Reading (GB); Nancy 
Louise Davoust, Louisville, CO 
(US); Henry Clarence Lilly, III, 
Bristol, PA (US) 

Correspondence Address: 
BROOKS KUSHMAN RC. 
1000 TOWN CENTER, TWENTY-SECOND 
FLOOR 
SOUTHFIELD, MI 48075 (US) 

(21) App1.No.: 11/855,735 

(22) Filed: Sep. 14, 2007 

Publication Classi?cation 

Int. Cl. 
G06F 15/177 

(51) 
(2006.01) 

(52) as. CT. .......................................................... .. 713/1 

(57) ABSTRACT 

A highly con?gurable kernel supports a Wide variety of con 
tent protection systems. The kernel may reside in a host that 
interacts With a secure processor maintaining content protec 
tion clients. After establishing communication With the 
secure processor, the host receives messages from content 
protection clients requesting rules for message handling 
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CONFIGURABLE ACCESS KERNAL 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to con?guring content 
protection systems. 
[0003] 2. BackgroundArt 
[0004] A content protection system, such as a conditional 
access system (CAS), determines Whether or not access Will 
be granted to a stream of information. An exemplary appli 
cation of CAS is in set-top boxes used to decrypt and decode 
audio and video information transmitted over a cable plant or 
other netWork. Typically, these set-top boxes provide addi 
tional functionality, some of Which supports CAS operations 
and some of Which is unrelated to CAS. In addition to CAS, 
set-top boxes may also include other content protection sys 
tems, including digital rights management (DRM), autho 
riZed service domain (ASD), and the like. Not only are there 
different types of content protection, but different manufac 
turers often have different requirements for each type. 
[0005] In order to increase the ?exibility of set-top boxes 
and other media support devices, doWnloadable CAS 
(DCAS) systems have been developed. These systems alloW 
various content protection support functionality to be doWn 
loaded over the netWork to the set-top box. HoWever, each 
different version or upgrade requires doWnloading different 
softWare to support that particular version. Such doWnloads 
over broadcast systems, such as typical cable systems, can 
take considerable time and resources as different components 
are loaded into various customer devices. 

[0006] Recently, regulations in the United States have man 
dated separating user devices, such as set-top boxes, video 
recorders, personal computers, televisions, and the like, and 
security protecting content provided to such devices. This 
separation has been achieved using CableCARDs Which 
insert into a slot in a user device to provide content protection 
functionality. HoWever, these CableCARDs lack ?exibility, 
are prone to mechanical problems, cause confusion With 
users, and create inventory and compatibility di?iculties. 
[0007] What is needed is to provide separable security that 
is ?exible and transparent to the user Without signi?cantly 
increasing the complexity or cost of user devices. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides for a common, 
highly con?gurable kernel supporting a Wide variety of con 
tent protection systems. 
[0009] In one embodiment, a dynamically con?gurable 
system provides protection of content streams. The system 
includes a secure processor maintaining a plurality of content 
protection clients and a host supporting a con?gurable kernel. 
The kernel sends a request to the secure processor. At least 
one content protection client maintained by the secure pro 
cessor is identi?ed based on a response to the request. At least 
one parameter group request is received from an identi?ed 
content protection client. Message handling for the identi?ed 
client is con?gured in response to the receipt of at least one 
parameter group request. 
[0010] Message handling includes a Wide variety of host 
functionality. For example, the parameter group request may 
specify ?ltering parameters for selectively ?ltering messages 
received by the host. The selective ?ltering may be used to 
specify into Which queue messages received by the host Will 
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be placed, determine hoW to handle duplicate messages, 
describe message parsing, and the like. 
[0011] The host may implement a hierarchical message 
queue system With a high priority queue for at least one 
content protection client, at least one loWer priority queue for 
each of a plurality of content protection clients, and a status 
queue for each content protection client. The host may use a 
modi?ed round robin scheduling algorithm for loWer priority 
queues With status queues considered members of the set of 
queues at each loWer priority level. 
[0012] A method for operating customer premises equip 
ment having a secure processor is also provided. A request is 
sent to the secure processor. In response to this request infor 
mation identifying each of the content protection clients is 
received. A message is sent to each of the identi?ed content 
protection clients. Message handling instructions are 
received from at least one of the identi?ed content protection 
clients. Message handling operations are then con?gured 
including parameters for selectively ?ltering received mes 
sages for that content protection client. 
[0013] Various softWare elements may be doWnloadable. 
For example, code implementing at least one content protec 
tion client may be doWnloaded. The code may be segmented 
and transmitted to the secure processor. A request is then sent 
to the secure processor requesting information about the con 
tent protection client implemented by the doWnloaded code, 
initiating dynamic recon?guration for the doWnloaded client. 
[0014] The above features, and other features and advan 
tages of the present invention are readily apparent from the 
folloWing detailed descriptions thereof When taken in con 
nection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a block diagram of a content protection 
system according to an embodiment of the present invention; 
[0016] FIG. 2 is a schematic diagram illustrating messag 
ing and function operation according to an embodiment of the 
present invention; 
[0017] FIG. 3 is a schematic diagram illustrating softWare 
interactions according to an embodiment of the present inven 
tion; 
[0018] FIG. 4 is a schematic diagram illustrating queue 
structure according to an embodiment of the present inven 
tion; 
[0019] FIG. 5 is a schematic diagram illustrating queue 
selection according to an embodiment of the present inven 
tion; 
[0020] FIG. 6 is a block diagram illustrating message pro 
cessing according to an embodiment of the present invention; 
and 
[0021] FIG. 7 is a schematic diagram illustrating data units 
and interfaces according to an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENT(S) 
[0022] Referring to FIG. 1, a block diagram of a content 
protection system according to an embodiment of the present 
invention is shoWn. A content protection system, shoWn gen 
erally by 20, includes a protected computer 22 Which, in this 
example, is a secure microprocessor (SM), and a host 24. SM 
22 may include hardWare and ?rmWare to support doWnload 
ing of any content protection or conditional access system. 
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SM 22 may provide the cryptographic primitives and security 
technology to support multiple types of content protection 
systems. Bootloader 26 on SM 22 provides a secure operating 
and routing environment for downloaded SM clients, shoWn 
generally by 28, onto SM 22. SM clients may include, for 
example, Conditional Access System (CAS) client 30, Autho 
riZed Service Domain (ASD) client 32, Digital Right Man 
agements (DRM) client 34, and the like. SM 22 provides key 
management services to enable decryption of multiple video 
streams under direction of installed client(s) 28. 
[0023] Host 24 includes one or more computers, referenced 
here as host processor 36. Host processor 36 may include 
transport processor (TP) 38 for encrypting and decrypting 
inband information streams 40 such as video and media pro 
tected by SM clients 28. Transport processor 38 may also 
?lter messages from inband streams 40. Host processor 36 
may also include host bootloader 42 for initiating host func 
tions. Host 24 supports and manages the How of messages 
throughout system 20 such as Conditional Access (CA) and 
other client messages including entitlements, System Infor 
mation (SI) messages, Electronic Program Guide (EPG) mes 
sages, EmergencyAlert System (EAS) messages, system data 
and time messages, application speci?c messaging to and 
from the head-end and multiple system operator (MSO) back 
o?ice, device provisioning and con?guration messages, code 
doWnload messages, and the like. 
[0024] Some or all of content protection system 20 may be 
doWnloadable to host processor 36. Such a doWnloadable 
content protection system may be referred to as a doWnload 
able content access system (DCAS), even if multiple types of 
clients 28 are supported. In this case, content protection sys 
tem 20 may be said to include DCAS host 24. In the embodi 
ment shoWn, DCAS host 24 implements an embedded set-top 
box entity (eSTB) having an embedded cable modem entity 
(eCM). As Will be recognized by one of ordinary skill in the 
art, other types of hosts 24 in various kinds of devices fall 
Within the spirit and scope of the present invention. 
[0025] Host 24 includes manager (e.g., DCAS manager) 
44. Manager 44 includes functionality for managing 
resources on behalf of SM 22. This functionality is typically 
provided in the form of softWare or ?rmWare doWnloaded on 
host processor 36. Management functions include, for 
example, communications, routing, queuing, processing, ?l 
tering, and parsing messages. Manager 44 supports higher 
level applications through OpenCable Application Platform 
(OCAP) 46, as is knoWn in the art. For example, Conditional 
Access NetWork Handler 48 is an OCAP application that uses 
various messages from the conditional access head-end in the 
MSO netWork for various CAS related services such as pay 
per-vieW purchases and host-related functions such as con 
?guration for resets of host 24. Other applications include 
programming guide 50, ASD Handler 52, and the like. 
[0026] Secure microprocessor driver (SMD) 54 transfers 
messages and information betWeen the manager 44 and moni 
tor 56 in SM 22 using a de?ned consistent mechanism. SMD 
54 supports the physical layer requirements as Well as the 
transfer of the information over the available physical layer 
format. Transport processor driver (TP driver) 58 transfers 
messages betWeen manager 44 and the transport processor 
38. DOCSIS set-top gateWay (DSG) messages from out-of 
band DSG streams 60 are received and forWarded by DSG 
client controller/demultiplexer 62. Out-of-band Internet Pro 
tocol (IP) messages may be sent from or received by one or 
more IP clients 64 over various IP channels 66. 
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[0027] During operation, host 24 may doWnload one or 
more compliant SM client(s) 28 for alloWing upgrading and 
changing of CAS, ASD, DRM, other content protection sys 
tems, and security for other services. Additionally, the present 
invention provides common mechanisms regardless of Which 
content protection system is loaded, such as communication, 
routing, scheduling, queuing, ?ltering, message processing, 
de?ned common messages, driver technology for SM 22, 
managed device initialization, extensions to managed host 
code, device reset technology, and the like. 
[0028] Host functionality supporting con?guration and 
communication may constitute a kernel or veri?er. This func 
tionality, at least a portion of Which may reside in manager 44, 
may provide a proprietary set of features to handle system 
information, messages, code doWnload, device provisioning, 
device management, scheduling of messages Within host 24, 
messaging With the conditional access system in the MSO 
head-end, and the like. These functions typically do not 
directly implement content protection. Providing a common, 
?exible, recon?gurable platform to handle these and other 
functions is part of the innovation of the present invention. 
[0029] As Will be described in greater detail beloW, the 
present invention provides a tool box for each conditional 
access/content protection system that may be con?gured as 
needed to support the provided features. Some have become 
MSO system common features, such as code doWnload, 
device provisioning, device management, system informa 
tion, and the like. The present invention provides the ?exible 
environment for the conditional access/content protection 
system to continue to provide the security services for con 
tent, but is no longer needed to support the other features. 
[0030] The present invention fully supports the DoWnload 
able Conditional Access System (DCAS) effort de?ning a 
security architecture to deliver softWare clients for the pro 
tection of advanced video systems and emerging media tech 
nologies delivered to a set-top box (STB), set-top device 
(STD), and other compliant customer premise equipment 
(CPE) including mobile or portable devices. DCAS Hosts are 
intended to support encryption and decryption of content 
protected by different types of legacy Condition Access Sys 
tems (CAS), the DVB-CSA CAS proprietary systems, Digital 
Rights Management (DRM) for content, AuthoriZed Service 
Domain (ASD) for content, and the like. The present inven 
tion also supports neW content protection systems as Well as 
other services requiring security protection. 
[0031] Referring noW to FIG. 2, a schematic diagram illus 
trating messaging and function operation according to an 
embodiment of the present invention is shoWn. One possible 
sequence of message ?oWs and manager functions for 
dynamic con?guration during initialiZation and subsequent 
message handling is provided. As Will be appreciated by one 
of ordinary skill in the art, the operations illustrated are not 
necessarily sequential operations. The order of steps may be 
modi?ed Within the spirit and scope of the present invention 
and the order shoWn here is for logical presentation. Also, the 
operations illustrated may be implemented by any combina 
tion of hardWare, softWare, ?rmWare, and the like, by one 
processor or distributed. The present invention transcends 
any particular implementation and the embodiments are 
shoWn in this form for ease of illustration. 

[0032] Manager 44 can be con?gured at any time by SM 22 
for various connections and messages. In one embodiment, 
SM 22 identi?es for host 24 the needed resources and the 
messages expected from various transport paths. A process 
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ing parameter group, such as a rule set, provides a common 
mechanism for SM bootloader 26 and/or SM client(s) 28 to 
con?gure manager 44 and other components Within the host 
24 to handle messages for SM 22. The processing parameter 
group may include descriptions for a series of ?lters, parsers 
and actions to be performed depending upon the state of the 
current content stream and the current step Within the ?ltering 
process. This alloWs content protection systems to toggle 
betWeen actions depending upon the current state of a content 
stream. 

[0033] Manager 44 may perform an initialiZation process 
based on a particular system state or action, such as after a 
?rst-time poWer-up, code doWnload, reset, crash/error recov 
ery, or the like. Manager 44 sets up queues for SM bootloader 
26, as in operation 100. Manager 44 generates an SMInfoRe 
quest message asking for current status of the secure proces 
sor and forWards the message to SM bootloader 26, as in 
operation 102. Bootloader 26 responds With SMInfoRe 
sponse indicating that one or more SM clients are loaded, as 
in operation 104. Manager 44 sets up queues for the speci?ed 
SM clients, as in operation 106. Information for the types of 
these queues may be knoWn by manager 44 or may be pro 
vided by messages to manager 44. Various ClientInfoRequest 
and ClientInfoResponse messages may be passed betWeen 
manager 44 and identi?ed client(s) 28, as in operations 108. 
[0034] As part of initialiZation, or as needed by a client 28, 
client 28 may send a ProcessingRuleSetRequest message 
containing a processing parameter group, as in operation 110. 
This message may provide one or more of a variety of rules to 
be implemented by manager 44 for servicing client 28. One or 
more queues may be ?ushed. A queue identi?er may be 
assigned or changed. Instructions for handling queue treat 
ment on channel change may be speci?ed. Filter rules, parser 
rules, check sum handling, duplicate message handling, rule 
state, and the like, may be speci?ed. Manager 44 performs the 
speci?ed ?lter, state, and parser set-up, queue operations, and 
other speci?ed operation, as in operation 112. 
[0035] Message 114 is received by manager 44 from a host 
module such as, for example, transport driver 58, DSG client 
62 controller, IP client 64, handlers 48, 52, and the like. 
Manager 44 performs the speci?ed operations on message 
114, such as applying message matching rules, checking for 
duplicate messages, applying check sum rules, sWitching to 
additional rules, performing state checks, parsing the mes 
sage, queuing the message, and/ or discarding the message, as 
in operation 116. If appropriate conditions are met and the 
message is at the head of a queue, the message is sent to the 
appropriate client, as in operation 118. 
[0036] Referring noW to FIG. 3, a schematic diagram illus 
trating softWare interactions according to an embodiment of 
the present invention is shoWn. Manager 44 may be concep 
tualiZed as having a plurality of functional modules. These 
modules cooperate to provide con?gurable, ?exible, content 
protection tools including one or more of communication 
manager, router, scheduler, queuing techniques and models, 
yielding, message ?ltering, message processing, de?ned 
common messaging, managed device utiliZation, extensions 
coordinating code doWnload, and the like. 
[0037] Messages ?oW betWeen manager 44 and host mod 
ules across host module interface 140. Messages ?oW 
betWeen manager 44 and secure processor 22 across man 
ager/SMD interface 142. The present invention may support 
one or more SM communication types. In the embodiment 
shoWn, SM driver 5411 supports an ISO 7816 channel and SM 
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driver 54b supports a USB channel. SM driver 54a exchanges 
messages across 7816 interface With 7816 monitor 56a in SM 
22. Similarly, SM driver 54b exchanges messages across 
USB interface 146 With USB monitor 56b in SM 22. Monitors 
56a, 56b relay messages betWeen SM bootloader 26 and one 
or more SM clients 28, shoWn here as clients 28a and 28b. As 
Will be recogniZed by one of ordinary skill in the art, other 
communication formats may be used Within the spirit and 
scope of the present invention. 
[0038] Manager 44 may include a communication manager 
to provide connection management. Manager 44 uses the 
concept of connection to identify and establish a data unit 
?oW from a connection source to secure processor 22. Sup 
ported connection types can include inband, IP, multicast, 
Secure Application Service (SAS), Data Store, and DSG. 
Manager 44 sets up and tears doWn connections With the 
various types of communications technologies available to 
communicate outside of the host 24. Each connection is spe 
ci?cally managed by SM 22 With manager 44 con?gured as a 
proxy to SM 22. Manager 44 may report status to SM 22 so 
that communications on any given connection can begin or 
terminate. 
[0039] Manager 44 may use Connection Type and Connec 
tion Identi?er to identify a connection How to and from SM 
22. Each connection uses a Connection Identi?er to uniquely 
label each ?oW such that data can be correlated on that How. 
For example, SM Bootloader 26 needs tWo IP connections, 
SM Bootloader 26 requests tWo Connection Identi?ers from 
manager 44 of IP connection type. SM Bootloader 26 then 
provides manager 44 the necessary information to make each 
IP connection, such as IP address, port number, and the like. 
Once a connection has been identi?ed, SM 22 can then, if 
needed, request a processing parameter group, Which 
includes ?lter de?nitions, processing rule management con 
trols, parser rules, duplicate detection, enqueue rules and 
other rules for a requested connection. In one embodiment, 
SM 22 is not permitted to request a processing parameter 
group on a SAS or a Data Store connection. 

[0040] Once connections are established, the state of the 
connection can change. For example, an IP connection can 
move from the bound state to a terminated state if the IP 
transport layer is no longer available. For the de?ned types of 
connection state changes, rules may be established concem 
ing communicating the connection state to SM 22 and, if 
Warranted, re-establishment rules can be enabled, depending 
upon the connection type. 
[0041] Through manager 44, handlers 48, 52 are also able 
to request Multicast, IP, and DSG connection types, as Well as 
consume data from established Inband, ASD or DRM con 
nections. Handlers 48, 52 are permitted to request IP connec 
tions and SAS connections through de?ned OCAP APIs, as is 
knoWn in the art. In one embodiment, handlers 48, 52 are not 
permitted to request data store connection types to preserve 
security. 
[0042] Manager 44 may include router 150 Which can func 
tion as a messaging router betWeen SM 22 and other modules 
inside host 24 as Well as outside host 24. Routing messages 
combine With other manager features such as, for example, 
scheduler and queuing mechanisms, to provide a poWerful yet 
?exible system for controlling high priority services While 
continuing to service loWer priority services Within a speci 
?ed algorithm. 
[0043] Routing service 150 may use a set of producer and 
consumer codes assigned to various components such as, for 
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example, SM bootloader 26, SM client(s) 28, TP driver 58, 
manager 44, handlers 48, 52, and the like. Manager 44 may 
send and receive information from other host modules as 
de?ned by each host vendor implementation using these 
codes. Routing message paths may pertain to messages des 
tined to and from SM 22 and/or messages destined to and 
from handlers 48, 52. Each message path may be governed by 
a connection plus a generic message to send and receive 
opaque data, may use a de?ned DCAS common message for 
speci?c tasks, or the like. 
[0044] Scheduler 152 may dynamically adjust the schedul 
ing mechanism based on logic for processing. A forWard 
message priority path may be assigned by SM 22 and orga 
niZed Within the queuing structure and may include a priority 
on the reverse message path. For example, responses to SM 
22 messages may be handled either immediately (synchro 
nously) or may be handled after all other synchronous opera 
tions have been performed (asynchronously). The fabric 
scheduler 152 is Woven betWeen requirements such as pro 
viding the next message to SM 22 and processing of the 
returned messages from SM 22. Scheduler 152 may be con 
?gurable on the forWard path for messages SM 22 received 
from the various types of connections. Other messages may 
be statically assigned Within the priority hierarchy as a loWer 
priority. The statically assigned messages may be scheduled 
at a priority based on the overall task for either host initial 
iZation or normal operations such as decrypting content. 
[0045] Manager 44 may also include queue structure and 
servicing functionality 154. Each message destined for SM 
22 is placed in an assigned queue. The queue setup, usage, and 
message assignment can be con?gured on the ?y to create the 
queuing environment needed by SM 22 at any given time. The 
selection algorithm for dequeuing messages may be adjusted 
based on a request from SM 22 to accommodate message 
handling for knoWn content protection systems as Well as for 
future use. 

[0046] Referring noW as Well to FIG. 4, a schematic dia 
gram illustrating queue structure according to an embodiment 
of the present invention is shoWn. Queues are used to control 
the How of messages, shoWn generally by 200, betWeen man 
ager 44 and SM 22. Queues are assigned a priority for servic 
ing. In the illustrated example, the priorities include High 
Priority (HP) queue 202a, Medium Priority (MP) queues 
204a-204d, and LoW Priority (LP) queues 206a-206d and 
Status Queues 208a-208d. In one embodiment, Status 
Queues 208a-208d are serviced in place of MP Queues 204a 
204d or LP Queues 206a-206d and are reserved for providing 
SM 22 With immediate resources in order to complete a 
current outstanding task. The Status Queue 208a-208d pro 
vides a Way to move a message to the head of the correspond 
ing MP Queue 204a-204d or LP Queue 206a-206d. Restric 
tions may be placed on Status Queue 208a-208d in order to 
not create a long series of messages.Additionally, SM 22 may 
be prohibited from assigning any message to Status Queue 
208a-208d. 

[0047] In the embodiment shoWn, CAS client 30 is serviced 
by HP Queue 202a, MP Queue 204a, LP Queue 206a, and 
Status Queue 208a. ASD client 32, DRM client 34, and SM 
bootloader 26 are serviced by MP Queue 204b-204d, respec 
tively, LP Queue 206b-206d, respectively, and Status Queue 
208b-208d, respectively. Other con?gurations are also pos 
sible Within the spirit and scope of the present invention. 
[0048] Referring noW as Well to FIG. 5, a schematic dia 
gram illustrating queue selection according to an embodi 
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ment of the present invention is shoWn. Queue structure and 
servicing 154 moves messages from queues according to a 
continual selection algorithm that examines the set of queues 
established by manager 44. This algorithm selects the next 
message to be dequeued and passed to SM 22 for processing. 
When all queues are empty, the selection process Waits until 
a neW message has been enqueued. The queue selection algo 
rithm ensures that the queues are serviced With appropriate 
importance assigned to each message type. For example, 
conditional access systems today typically require real-time 
interaction With the content in order to decrypt the content 
and, as such, the CAS SM Client on the Secure Micro may be 
the only entity on SM 22 granted a high priority queue 202a. 
[0049] The queue selection algorithm may be statically 
coded in manager 44 to service HP Queue 202a many more 
times, and prior to, the other queues Which are initialiZed. The 
queue selection algorithm may be, for example, a hybrid 
round robin algorithm. For example, in high priority round 
220, every message appearing ?rst or at the head of HP Queue 
20211‘ is processed until none remain. Alternatively, a set 
number of messages, such as tWenty, may be processed by HP 
Queue 202a‘, a set amount of time may be used, or the like. 
Next, one message is processed in medium priority round 
222, if any are pending, before returning to high priority 
round 220. In each medium priority round 222 for one 
embodiment of the present invention, MP Queues 204 are 
processed in a round robin fashion With corresponding Status 
Queues 208 substituting for MP Queues 204 if messages are 
present in the associated Status Queue 208. For example, if 
tWo status messages are queued in Status Queue 208a‘ and 
one message is queued in Status Queue 20819‘, the sequence 
might be 208a‘, 2081)‘, 2040', 204d‘, . . . in the ?rst round, then 
208a‘, 2041)‘, 2040', 204d‘, . . . in the second round, then 204a‘, 
2041)‘, 2040', 204d‘, . . . in the third round, etc. Alternatively, 
all status messages may be processed ?rst. For example, if 
tWo status messages are queued in Status Queue 208a‘ and 
one message is queued in Status Queue 20819‘, the sequence 
might be 208a‘, 2081)‘, 208a‘, 204a‘, 2041)‘, 2040', 204d‘, . . . 
204a‘, 2041)‘, 2040', 204d‘, . . . etc. This may continue until no 

message remains in MP Queues 204, for a set number of 
messages, for a set number of rounds, for a set amount of time, 
and the like. If queue selection conditions are met for reach 
ing loW priority processing, one message is processed in loW 
priority round 224 before returning to high priority round 
220. In each loW priority round 224 for one embodiment of 
the present invention, successive LP Queues 206 are pro 
cessed in a round robin fashion With Status Queues 208 sub 
stituting for corresponding LP Queues 206 if messages are 
present in the associated Status Queue 208. As Will be recog 
niZed by one of ordinary skill in the art, various schemes for 
processing messages in queues 202, 204, 206, 208 are Within 
the spirit and scope of the present invention. 
[0050] Referring again to FIG. 3, manager 44 may include 
yielding functionality 156. In order to ensure that messages 
enqueued into HP Queue 202 are serviced Within the neces 
sary time frame, SM 22 may be restricted in its processing for 
one or more SM clients 28 before “yielding” to other message 
handling duties. Alternatively, SM 22 may yield in the middle 
of a task if it needs to send additional response messages to 
host 24. When a message is yielded upon, that message is left 
at (or returned to) the head of the queue from Which it Was 
“dequeued” until the queue selection algorithm can service 
that message again. In one embodiment, SM 22 is alloWed to 
yield on a message a speci?ed number of times prior to the 
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message being discarded. In another embodiment, messages 
in the HP Queue cannot be yielded upon if there is a short 
response time limit to meet speci?c cryptographic require 
ments. The decryption of content received by ho st 24 from the 
MSO head-end may be the highest priority for host 24.Yield 
ing may also be used in conjunction With messages requesting 
resources from host 24 required to complete the processing of 
the message. The status of these resources may be communi 
cated to SM 22 via the Status Queue. 
[0051] Referring again to FIG. 3, message format process 
ing functionality 160 may also be provided. With reference as 
Well to FIG. 6, a schematic diagram illustrating data units and 
interfaces according to an embodiment of the present inven 
tion is shoWn. Manager 44 and SM driver 54 may Work With 
up to four layers of messaging: external payload data unit 
(EPDU), DCAS layer data unit (DLDU), adaptation layer 
data unit (ALDU), and transport layer data unit (TLDU) used 
With the 7816 physical layer. 
[0052] EPDU de?nes an externally supported data unit that 
is received as opaque data from a connection. Manager 44 
need have no inherent knoWledge of the structure of an 
EPDU. The maximum siZe of an EPDU is typically 64 kilo 
bytes. 
[0053] DLDU de?nes a data construct that includes meta 
data to form the ALDU header and the payload. A DLDU can 
either be an EPDU to Which an ALDU header Will be added 
prior to its transfer using the SendOpaque or ReceiveOpaque 
messages. At this stage in the data How, ALDU header meta 
data is available to add to the EPDU, and the DLDU Identi?er 
is encoded into the metadata for the ALDU header. The 
remaining ALDU Header information is encoded at the 
ALDU layer. In one embodiment the maximum siZe of a 
DLDU is 64 Kbytes, With eight bytes reserved for the ALDU 
header. 
[0054] ALDU de?nes a data construct in Which each 
DLDU is broken into smaller units for further processing. A 
unit can consist of the EPDU payload or a de?ned DLDU. An 
ALDU construct cannot exceed a maximum siZe of 2048 
bytes, including the required ALDU header for each ALDU 
exchanged With SM Messaging Entities 26, 30, 32, 34. The 
maximum siZe of an ALDU going to a handler and other 
de?ned Host Messaging Entities (e.g., 48, 52, 62, 64) is 64 
Kbytes including the eight byte ALDU header. Manager 44 
separately enqueues each ALDU for delivery to SM 22. Man 
ager 44 also ensures that a single ALDU transfer is not inter 
rupted by dequeuing another ALDU. At this stage in the data 
How, the DLDU Identi?er is replicated in each ALDU, and 
ALDU Header Construct information is encoded. 
[0055] TLDU de?nes a transport layer unit for the ISO 
7816 transport layer. Each TLDU is transferred across the 
SMD-7816 interface 144 using Read and Write Commands. 
The transport layer segments each ALDU into units of maxi 
mum 255 bytes for Write Commands or 256 bytes for Read 
Commands. There is no TLDU layer With the USB transport. 
Instead, USB signaling is used With ALDUs as the payload. 
[0056] Manager 44 performs different function on different 
types of data units. Since EPDUs are typically raW data, 
processing rules as con?gured by SM 22 may be applied to 
the EPDUs. The DLDU stage is EPDU data that has been 
formatted to be the payload for anALDU. Other data, such as 
connection ID, consumer codes, producer codes, and the like, 
are knoWn and carried With the DLDU. Once processing is 
complete on the DLDU, in order to be enqueued or otherWise 
sent according to the de?ned set of common DCAS messages, 
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the DLDU is converted to an ALDU. The ALDU has a for 
mally de?ned header construct. OnceALDU destined for SM 
22 is formed, it is enqueued. At the SMD layer, in preparation 
for transfer across 7816 interface 144, the SM driver 54a 
breaks apart the ALDU into smaller physical pieces to meet 
the physical requirements for ISO 781 6 to generate the TLDU 
layer. The smaller pieces are reassembled in monitor 56a. 
[0057] Referring again to FIG. 3, messaging functionality 
158 includes message ?ltering, parsing, and enqueuing. SM 
22 may set up ?ltering for various messages on different 
connection types such as, for example, multicast and broad 
cast connections. Manager 44 provides a tool box to enable 
?ltering for various messages as directed by SM client(s) 28 
and SM bootloader 26 for each unique situation. Filtering is 
dynamically set up in hardWare or softWare for PID ?ltering 
(Inband connections), IP ?ltering or UDP ?ltering (DSG 
connections). Filters can be applied to any type of transport 
technology, including multicast or broadcast. In one embodi 
ment, the ?ltering mechanisms include a set of ?ags and 
matching characteristics as is knoWn in the art. The matching 
of the message itself may be speci?ed as a bit pattern that is 
con?gured in a ProcessingRuleSetRequest message. This 
message is used by hardWare or softWare functions inside host 
24 to ?nd the messages speci?ed by SM 22. 
[0058] A Wide variety of ?ltering tools are available. Cur 
rent messages can be removed noW, after the next match, or 
after a channel change. The message check sum can be exam 
ined. An ignore ?lter ?ag may be set. A ?lter starting state 
may be set or the ?lter state changed after a match or after a 
channel change. Duplicate messages can be removed. The 
next ?lter to be applied can be found after a match or after a 
channel change. Rules for parsing the message can be speci 
?ed. The queue into Which the message Will be placed can be 
speci?ed. Any of the ?lter tools may be recon?gured as often 
as needed by SM 22. 
[0059] Referring as Well to FIG. 7, a block diagram illus 
trating message processing according to an embodiment of 
the present invention is shoWn. Message processing con?g 
urable tools alloW messages to come from any source and go 
to any source in a manner that makes e?icient use of the 
resources of SM 22. 

[0060] Manager 44 is capable of processing a plurality of 
parameter groups. Each parameter group is provided in a 
parameter group member, one of Which is indicated by 240. 
Each parameter group member speci?es one or more rules or 
operations that may be applied to an incoming packet if the 
packet meets optional search criteria. The result of these rules 
and operations is typically either the placing of a correspond 
ing message into an available queue, shoWn generally by 242, 
or the discarding of the message. 
[0061] In the exemplary rule set member 240, EPDU mes 
sage may be ?rst ?ltered by one or more ?lters 244. A variety 
of ?ltering operations may be used. For example, selected bits 
may be compared to a speci?ed pattern. This may include 
examining information relating to source, destination, iden 
ti?cation, type, siZe, state, parameter values, and the like. 
Multiple ?ltering operations may be implemented in an 
ANDing relationship, With ORing provided through multiple 
rule set members 240. 
[0062] Duplicate detection 246 may be provided, With 
duplicate detected messages causing second and subsequent 
messages to be dropped, all duplicate messages to be 
dropped, duplicate counting, status message triggering, and 
the like. Unrecoverable error checking 248 may also be pro 
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vided, With various options on error detection including drop 
ping corrupted messages, counting corrupted messages, sta 
tus message triggering, and the like. Messages that survive to 
this point may be parsed by parsing component 250. For 
example, EPDU messages may be reformatted as ALDU 
messages. Messages may then placed into one or more of a 
plurality of queues by enqueue component 252 based on one 
or more of source, destination, priority, and the like. Dequeue 
component 254 uses a dequeuing algorithm to determine 
from Which queue 242 the next output message Will be sent. 

[0063] Referring again to FIG. 3, manager 44 may include 
common message manager interface 162. Interface 162 
includes tools available to con?gure host 24. The common 
messages are designed to meet the needs of various content 
protection systems. When manager 44 receives a con?gura 
tion via a common message, manager 44 processes the mes 
sage and acts according to de?ned requirements. The com 
mon messages provide a support system for understanding 
What has been doWnloaded on SM 22, communicating With 
SM 22 to initialiZe SM 22 With host 24, providing message 
Wrappers to send and receive messages from Within and out 
side host 24 to SM 22, connecting conversations betWeen SM 
clients 28 and applications 48, 52, and the like. Common 
messages provide interoperability betWeen any compliant TP 
38, SM 22, client 28, host softWare stack, and the like, and 
provides a mechanism for supporting future clients for future 
services. 

[0064] The common set of messages includes control, con 
nection, data transfer, processing rules and security packages 
such as, for example, those de?ned in DCAS standards. These 
messages provide the basis for communication as the com 
mon kernel regardless of What access security system(s) are 
doWnloaded. Host 24 behaves in a consistent Way for each 
system, adapting to each technology as con?gured by that 
content protection system. Content encryption and decryp 
tion are possible With any content protection as supported by 
the tools of SM 22 and TP 38 With common messaging 
provided by manager 44. 
[0065] The common set of control messages includes mes 
sages for the initialiZation and operational processes related 
to managing the environment of host 24. For example, one of 
the possible messages directs SM 22 to set a timer in host 24 
for Waking up SM 22 to perform a speci?c task. The message 
may indicate a time period and can either be set for single 
operation or recurring operation. 
[0066] Common messaging supports multiple simulta 
neous systems doWnloaded at the same time While still main 
taining a clear demarcation of each content protection system 
Within host 24. Con?guration via the common set of mes 
sages enables different content protection systems to transi 
tion protection of content in different Ways for different parts 
of host 24 and output from host 24 to other devices. 

[0067] Manager 44 may include managed initialiZation 
component 164 for initiating a series of messages With SM 22 
upon each boot-up. This series of messages provides a com 
mon set of mechanisms that are used to take SM 22 from 
start-up into steady state activity. Host 24 can handle multiple 
simultaneous streams of content and easily scales to support 
complex content systems that ingest multiple programs of 
content from multiple sources While possibly providing 
media center functionalities. The ?exible environment can be 
con?gured on the ?y at the customer premise. Host 24 
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remains in a managed knoWn state throughout the process 
regardless of Which content protection system(s) are doWn 
loaded. 
[0068] In one embodiment, host 24 sends a starting 
sequence of messages to SM 22, Which responds With infor 
mation alloWing host 24 to con?gure itself for one or more 
speci?ed content protection systems. Then, each the SM cli 
ent(s) 28 provide an appropriate set of con?guration informa 
tion to establish communication and process messaging for 
that system. The end result is that security services for the 
content protection system(s) all run Within SM 22. 
[0069] Common content security functions may be pro 
vided in de?ned transport processor 38. The initialiZation by 
each system doWnloaded on SM 22 con?gures TP 38 for 
appropriate open standards cryptographic functions. TP 38 
handles the encryption and decryption of content as con?g 
ured by each content protection system. The con?guration is 
applied at initialiZation and can be re-con?gured on the ?y in 
real-time as needed. 

[0070] Manager 44 may include code doWnload coordina 
tion functionality 166. Host 24 includes a coordination tool 
for understanding When various pieces of softWare are doWn 
loaded as Well as knoWing When a customer may be using 
premium services. Host 24 is enabled to doWnload the various 
softWare components for various areas including host plat 
form code, application code, SM client code, and the like. 
Platform code doWnload may rely on standardized methods 
for the trigger and delivery of the code image. Extensions may 
be provided to minimize the impact to customers, maintain a 
controlled state, coordinate doWnload components, and the 
like. Code component coordination reduces the risk of race 
conditions and unknoWn states Within host 24. To minimiZe 
impact on customer experience, the MSO can choose to 
doWnload at a deferred time that is optimal to host 24 such as, 
for example, When the customer is not in the middle of record 
ing, enjoying a pay-per-vieW session, and the like. 
[0071] For SM clients 28 doWnloaded to SM 22, the doWn 
load may be ?rst stored on host 24. Manager 44 may provide 
the SM client code image segmented into a data unit format 
for transfer to SM bootloader 26. Manager 44 reserves a data 
store for the purpose of holding the SM client(s) 28. This data 
store can also be used by SM 22 to store other data before 
being transferred to SM 22. 
[0072] Host 24 provides an environment for doWnloading 
SM client(s) 28 and a partner handler application 48, 52. SM 
client 28 manages the cryptographic services for the content 
protection system. Handler 48, 52 manages the messaging 
With the MSO head-end to support any necessary con?gura 
tion or communication for that system. Additionally, handler 
48, 52 may take on additional functionality such as reporting 
and providing some management or con?guration to ho st 24 
for support of that system. The tool box in host 24 may 
support various con?guration points for each type of content 
protection system. Thus, handler 48, 52 is not restricted in the 
types of communication it can use. Additionally, a DCAS 
compliant host 24 provides mechanisms for a connection 
betWeen handler 48, 52 and its partner SM client 28. This 
connection enables direct communication so that resources 
on host 24 can be used more e?iciently by the content pro 
tection system(s). 
[0073] While embodiments of the invention have been 
illustrated and described, it is not intended that these embodi 
ments illustrate and describe all possible forms of the inven 
tion. Rather, the Words used in the speci?cation are Words of 
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description rather than limitation, and it is understood that 
various changes may be made Without departing from the 
spirit and scope of the invention. 

What is claimed is: 
1. A dynamically con?gurable system for providing pro 

tection of content streams comprising: 
a secure processor operative to maintain a plurality of 

content protection clients, each content protection client 
having a set of functional requirements for message 
communication; and 

a host in local communication With the secure processor, 
the host supporting a con?gurable kernel for interfacing 
With the secure processor, the kernel operative to send a 
request to the secure processor, identify at least one 
content protection client maintained by the secure pro 
cessor based on a response to the request, send a mes 
sage to at least one of the at least one identi?ed content 
protection client, receive at least one parameter group 
request from the at least one identi?ed content protec 
tion client, and con?gure message handling for the at 
least one identi?ed content protection client based on the 
received at least one parameter group request. 

2. The system of claim 1 Wherein the host is further opera 
tive to receive a message and, if the message is destined for 
the at least one identi?ed content protection client, apply 
operations speci?ed in the at least one parameter group 
request to the received message. 

3. The system of claim 1 Wherein the host supports a 
plurality of connection types, the kernel further operative to 
establish at least one connection of at least one connection 
type for each of the at least one identi?ed content protection 
client. 

4. The system of claim 1 Wherein the at least one parameter 
group request speci?es ?ltering parameters for selectively 
?ltering messages received by the host. 

5. The system of claim 4 Wherein the host implements a 
plurality of queues arranged in a priority hierarchy for each of 
the at least one identi?ed content protection client, the at least 
one parameter group request specifying into Which queue 
messages received by the host Will be placed based on the 
speci?ed ?lter parameters. 

6. The system of claim 4 Wherein duplicate received mes 
sages are processed based on the selective ?ltering. 

7. The system of claim 1 Wherein the host implements a 
high priority queue for at least one content protection client 
and at least one loWer priority queue for each of a plurality of 
content protection clients based on con?guration information 
for each content protection client, the ho st operative to handle 
every message in the high priory queue for each of the at least 
one content protection client before handling any message in 
the loWer priority queues. 

8. The system of claim 7 Wherein the at least one loWer 
priority queue for each of the plurality of content protection 
clients is at least tWo loWer priority queues for each of the 
plurality of content protection clients, a mid priority queue 
and a loW priority queue With priority less than the mid 
priority queue, the host operative to handle a plurality of 
messages in the mid priority queues in a round robin fashion 
according to a queue selection algorithm before handling 
messages in the loW priority queues, then to handle at least 
one message in the loW priority queues. 

9. The system of claim 8 Wherein each of the plurality of 
content protection clients is assigned a status queue for hold 
ing status messages, the host operative to treat each status 
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queue as a mid priority queue during round robin processing 
of the mid priority queues and to treat each status queue as a 
loW priority queue during round robin processing of loW 
priority queues. 

10. The system of claim 1 Wherein the host is operative to 
request the secure processor to yield execution in response to 
a message sent to the secure processor. 

11. A method for operating customer premises equipment 
having a secure processor maintaining a plurality of content 
protection clients, the method comprising: 

sending a request to the secure processor requesting infor 
mation about the plurality of content protection clients; 

receiving, in response to the sent request, information iden 
tifying each of the plurality of content protection clients; 

sending a message to each of the identi?ed content protec 
tion clients; 

receiving message handling instructions from at least one 
of the identi?ed content protection client; and 

con?guring message handling operations for the at least 
one identi?ed content protection client based on the 
received message handling instructions, the message 
handling operations including parameters for selectively 
?ltering received messages. 

12. The method of claim 11 further comprising establish 
ing at least one data connection for the at least one identi?ed 
content protection client based on a connection identi?er and 
a connection type speci?ed in a message received from the at 
least one identi?ed content protection client. 

13. The method of claim 11 further comprising placing a 
received message into one of a plurality of queues established 
for the at least one identi?ed content protection client based 
on the results of the selective ?ltering. 

14. The method of claim 11 further comprising processing 
a duplicate received message based on the results of the 
selective ?ltering. 

15. The method of claim 11 further comprising: 

establishing a hierarchical set of message queues having at 
least three levels of priority queues; and 

receiving, for each identi?ed content protection client, a 
message specifying queue con?guration; and 

assigning to each identi?ed content protection client a 
queue from at least tWo of the at least three levels of 
priority based on the received message specifying queue 
con?guration. 

16. The method of claim 11 further comprising: 

establishing a ?rst set of message queues, at least one 
identi?ed client receiving messages from a member 
queue of the ?rst set; 

establishing a second set of message queues having a loWer 
priority than the message queues in the ?rst set of mes 
sage queues, at least one identi?ed client receiving mes 
sages from a member queue of the second set; 

establishing a status message queue for each of the at least 
one identi?ed client; and 

determining from Which queue to send a next message 
based on a dequeuing algorithm providing priority to the 
?rst set of message queues over the second set of mes 
sage queues, Wherein the status message queues are 
considered members of both the ?rst set of message 
queues and the second set of message queues. 
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17. The method of claim 11 further comprising requesting 
the secure processor to yield execution in response to a mes 
sage sent to the secure processor. 

18. The method of claim 11 further comprising parsing a 
received message based on the results of the selective ?lter 
mg. 

19. The method of claim 11 further comprising: 
receiving at a host doWnloaded code implementing at least 

one of the plurality of content protection clients; 
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segmenting the doWnloaded code into a plurality of mes 
sages; 

sending the plurality of messages to the secure processor; 
and 

sending a request to the secure processor requesting infor 
mation about the at least one content protection client 
implemented by the doWnloaded code. 

* * * * * 


